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SOME  PHOTOMETRICAL  MEASUREMENTS 


W.    C.    SMITH,    l;    A 

ASSISTANT  IX   TIIi:    ^^.^•^.■|MI,(,<  ;ic  \I.    I.Ali.  >k  \TOKV  , 
rMvi-:k>n\     oi-    Toronto 


s< 'M!-:  i'ii< III tMiri'RK'Ai,  Mi: \si  ki:mi;.\ts 


111  X'dliiMic-  \'  paL;i-s  2f)2  tl  ■-(■'I  I  of  1  lie  /'liiii'M'Nn^<  11'  Sin, inn 
Ilr.  Kirsihni.iiin  (Ic-crilir-,  a  --iinplf  apnaraiu-  for  ilic  iiifa^urc- 
n:vin  of  iik-  lii^lit  intiiisitiiv-  of  black,  i^nv,  and  wliiti.'  papvrs 
in  terms  uf  om-  annilur  Tlii-  ap[)aratii-  lia^  Imn  iinprcxtd 
and  used  in  thf  I'sychoKr^ical  l,ai)(irator\-  if  tin-  rn.ivcrsiu 
of  Toronto  for  nirasurinu'  tlic  intcn-itit^  of  iln-  riain^  and 
Miltf)!!  HradKy  pajirrs  and  otinr  lUK-oloiirt'd  |)iL;iiunt  s,  Whili- 
tlu'  main  part  of  tlic  apparatus,  tlir  disc  witii  it-  ;i.oval)lc 
•sectors  and  t!'c  ilark  space-,  rcnnirnd  cssintially  tin  same, 
apj)ropriatc  arraii'^'i'mcnts  for  sicuriii'.;  constancv  of  illumina- 
tion W',"rc  ad<lcd  a:id  the  follow  in:,'  is  the  <Iescri])lion  of  the 
ai)paratus  as  now  used.  .\  IarL,'e  dise.  iiiade  of  stiff  cardlioard 
or  aluminiiun  and  covered  with  Millon-Dradlev's  licst  wliile 
j)apcr,  is  di\ided  into  (luadrant-.  a]'.(1  from  two  opjio-ite  (;uad- 
rants,  afiout  one  inch  from  the  outer  edu'e,  sections  are  cut  (JUt 
one  incli  in  width,  and  90°  in  l(n>,'th,  and  a  i^raduated  scilc  is 
made  t.n  the  remaining;  (luadnmts.  .\  snialler  disc  of  the 
paper,  of  which  the  intensity  is  to  lie  compared  with  that  (jf 
the  white  is  made  so  that  the  ed,s.'e  of  this  smaller  di-c  reaches 
Uist  beyond  tlii'  inner  ed.i;e  of  the  open  section.  From  .1  third 
disc  two  opposite  sections  of  i  .'0'='  lach  are  rnnoxed  so  tliat 
the  outer  edi;es  of  this  sector  reach  the  innir  side  of  tlie  ^Tadu 
ated  scale,  while  the  inner  edi;es  of  the  sectcjr  leave  exposed 
two  sections  of  the  ^'rey  paper  t(j  he  measured  each  section 
120°  by  one  inch  in  width.  .\  fourtii  (iisc  with  t\'o  ojiposite 
sections  of  90°  each  removed  forms  a  similar  sretor  but  with 
diauicter  e(|ual  to  that  of  ihe  first  disc,  and  m,i\-  b-e  Use;!  as  a 
"vernier"  for  the  obser\-ations  made  with  the  precedins;  or 
smaller  sector.  When  these  an  placed  on  .1  motor  in  !he 
order  named,  and  then  ie\-ol\til  with  suilK-ient  spit-.j  1.1  secure 
Ihe  complete  validity  of  Talbot's  Law  '  it  is  evident  thevwill 
make  two  ;,nev  rin^s  of  dirtVrent  inteiisitits  surrounded  bv  a 
white  tjrounc',  bul  the  outer  rin.;  will  be  iiilluenced  hv  what  is 
behind  the  o])eii  section  of  tlu-  lari;e  disc.  To  tcet  the  lowest 
possible  intensit\-  in  combination  with  the  outer  riiiL;  a  box  in 

'  Sre  .\rtu-lts  It  1'roffs.s.  ir  .M.iiln-uu   )',.  lu'il  >  I.uw. 
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Smith     rii-r.  .mktkkm.  Mi;  \-r;<i:MK\Ts 


tlu-  iMiiu   Mi   ..   l!!iiu-:itr,l  pvnmii.l  i^  liiir.l   '.vith  lil;uk   velvet, 
llu-  .ir.-u'ar  nliliwii  wt  '':■    -i  1>  >  "f  tlir  1")\  !■)  larh  ntlu-r  }v/u\j, 
siii-'i    thai    !!•)   ri-tJcction   i-   ^i\iii    t'lmn-li    ilir    -mall   opniin^' 
wiu-n  llir  i)o\  i-  jilatH"!  liniiu-'lialr!'-  lu'liin-l  iIh-  "]n'U  -.ilioii 
(if  I'll-  lar^'r  '\\>c.      Tm  a\.ii.l  tlu-  >  ful   n\  a  rliaii-iiU  illuiiiiiui 
'.iwii  a-  in  dav  li-.;!it ,  t!i<-  i  \]u  liiiuiit  >  an-  ina.ir  in  a  dark  nioni 
witli  lii;l:l  ■nilv  iV.im  Inui     "i  iwn    Ant  r  lani])^  iijar.-.l  iniTn«.ili- 
al'lv  "VLT  till'  n'Mihin-  ili-c-,  ami  I'lr  illMniinaliMn  iidin  tliL- 
iuni)-,   wlio-e   ll  nm->  an    in   tin-   l'>'-al   lin.    of  a     |iaiMl  m.H.  aliv 
furvrd  nnriMi.  i~  r.ll.rU'l  .iiimii  lii.-  (li~>-  \<v  aiiuilu  r  and  plane 
niiiTor  in  !i..iii.,ili  ala-l  t'.  a  \v.i.,din  -c-nt  n  luliind  uhi-li  t  lie 
ohsiTvrr  Mt>  and  ronipaR-.  iIk-  intm-itir,  d  t!ir  t  w  n  -i.-v  rin-^ 
uu  tlif  -.vhiU'  urnu!!  1       1'  i-  M"''^'  '  vidm:   tlial  tin-  iiiicn-itits 
of  the  t'.VM    ])apiT-  can    !if    con.pand    al   dillrrrnt    iin-ilion-  nl 
Ulf  M-ci..!-;  tini-  a  nnnilur  cl"  (il  .-i  i  \atii  .n  -  ran  )>•■  ta  ,di-  with 
ditV.-friit  c'oir.liinati.in>  (if  tlir  p  anr-  In  h.-  nua-nnd..  a-  v.!u-ii 
t!u- lar;;cr  ^iTtnr  i-- pi  Kv  I  at   i-.  ,  i^  .  :■>  .  -^s  .  <tc.      Wlim  the 
lar'^cr  ^fClor  i-  \>]  M-rd,  -  i\  ,  al    ^u    and  tlu-  aii-uli'-  wi'liii-  of 
the  Mpi-nin;   'nd  tin-  ^n-\  lu  In-  nira-nnd  arr  .iinal,  it  i-  f\  iatiit 
til  it  tlu-  nW'V  rill.;  will  ;■(•  ron-idrvaMv  d ark.  r  than  i!k-  iniK-r 
rin^  iK.MU.r  lar  al.-olntr  l.lack  ><\   llir  ..pmin-   i-.  uf  cair-u, 
nut.  a  darker  tiiati   ll:e  ,^ivn    painr.      l',\    nmx  in-   the   -ni  dk-r 
Sfi-tor  to  the  left,  -rev  i-  add/  d  to  the  iniur  rin-.  i  e  ,  ni.ire  of 
tile  urev  piper  is  eXJin-ed   nutil   a   ]iiiinl   i-  teaelied   wliere   the 
intellMtii-    ..f    the    t\\M    rin--    are    estimated    a-    eqnal.       As    a 
eril.riuii  for  tliis  ediiditiuii  we  mav  use  the  enniplete  hkiilin^' 
intu  !i!ie   rill-   without    anv    st-paratin-  line,      l-nmi   the   iimnt 
wdiere  'h.e  intensities  are  iud.-ed  to  lie  eipial  more  -rev  ni.i\    he 
abided,    without    anv    ii.itieeahle   dilY,  reiue   until    the    point    is 
iraehed  w  lu  rv    nolie.aMe  elia;i-e  he-ins       ddie  average  ol   ihe 
two  iud-iiieiits  mav  he  taken  as  the  best   proeuralile  with  the 
Use  siii.pU    of  the  smaller  sieliir.      Hut   the  ehaii-es  produced 
t)V     tile     smaller    sector     .in-     comp  irati\  ch     lar^e.        h'or    if 
the  out.  r  rin-  he   |o    and    the    inner  one   i -'   ,  and    one   di-fec 
be  ad  led  to  the  latter.  ;:ie  relation  of  th.e  two  rinus  is  cdiatiL;e(l 
fron:  *  '   to  y;,  that   is,  a  dilf.  reiice  of   ,    ',  ,  or  j  j  i  "'  ,        Now 
the  Use  of  tiielar'^er  sector  m  ikes  possii.ile  a  liner  vari  iiioii.      If 

:  :i4l 


Smitm     I'liiiTi  i\ii:  IKK  \i.   Mi:  \-i  ki:mi:\ts  ;; 

n.    ;..i-  a.invr  (.M-r   ll.t    lar:;tr  ■-i-i.tMi    '.If  niMNcii    lur  oiif  (lfi;rf( 
the  sauH' aiiL^'ular  .iiiiuuDi  i>  .uMrd    m  tak>  n  ,i\s,i\     I'idui  hotl: 
rings.     C()ii^(i|iuntl\   tin    cliaiiL.'i'  i->  fnii!:    (d  am!  -(J  to   ii  and 
4;?.  i.e.,  the  H'lati'iii  i-.  (.-haiii,'!!!    Inmi   ;'   to  ;',  t  hat  i-..  a  dilTi  r 
cncf  of    ,'     or  0  I  I  r  ,       'I'liii-- tin- lar-t-r  MTtdr.  t!iouL;li  \\illiotit 
,1  ^r  i.Iuati.il  -laK-.  -.iiAi's  a^  a  kind  1  il      \  <riiit  r    '      Tin    lai^n 
"(.clor  i-  u-^vd  in  tlir  tulInwinL;  niainn  r        I'lu-  limit  ol   tin    ad 
iustini'iit   tor  tin    ^nialkr  -ictori-.  hall   a  dr^ni.'.      'riia--.  ..I'tir 
UM-'Tlaiiiitii;    that    jMivition    jil    thr    -in  ilKr    ^c-ctor    winrc  tin 
I  wi.  ( in--  lic-l  liKiidfd,  1  inrr  wonld  he  found  tlii'  liniit--  for  tin- 
uw.-i'.ion  ol   tlu'  lar^r  -n'tor  fm    wliirli   tlii-  hU-ndiiiL;   wa^  not 
iIfStro\'i'd       'I'hr  awram'  of  thf  nninlar-  iin'icatinL,'  the  limits 
woiiUi  \<c  tak',  n  iiit"  .:rcnm:t  in  r  dculatin-  the  ri  -nit- 

I.ct  the  aii'^nlar  o])inin:;  of  the  di-c  into  the  \il\a  t  UiumI  box 
l)f  ;r.  i'ln-ii  t!u'  iiiinpoiK-nt  -  of  tlii-  ouut  rin'_;  of  :^rfv  arc 
i.;of — ai"  of  wliiti- and  a  of  ah-olnti- lilaik,  I.rt  t  he  inttii-it  \- 
of  the  ahsoluti'  hia.'k  hi'  o.  and  that  of  one  (K'j,'ri-c  of  whiti- 
lie  rij)rt-i.ntrd  Ia  \.  'I'lu  inttn-it\  of  thr  outiT  rin■^^  tlitii.  i> 
Vyi — a)x  »-a>:  o 

I.et  tile  iiuniinr  of  di  L;rii,-  of  ^'rl■\   papir  he  represtiUed  hv 

h.  and  k-t   the  inliii-ity  of  oiu-  di'L;ric  of  the  t;rev  coni[)arcd 

witl    whitr  he   I       'I'Ir-ii  tin-  idinponcnt-  of  the  inner  riiit,'  are 

.;6c;-  il.     of    white    and     h     ni   ^trx       'Ihr   intiii-it\-   of   the 

inner  ritiu  i-     ;')0 — hi  x     h  ■   1 

V\in-n  the  two  rin--  are    indeed  a-  equal  there  i-  the  follow- 
111;.;  eciiiatiol' 

'■.f'lt      a   \   ■  a  ■  0  ^  '  U'O-  h  \  ■  h  •    1 
i<i<i.\      a\       ^fi(i\--    lix      h 
hx      ax      h 


il  -a 
~     ee    M)Mii.     I'rnfrs-iir    Kir-ehmaTui    ha-    ',dven    the    writer 
.;e  ol  the  plioi<inntiiial  mca-nr:  nient-  re(|uirc(l  f<ir  \'arion-- 
piirjjosf-  and  tin-  foliuwin^  tahU-  eonlain  a  l\-w  n--ult-  whieli 

riu-  ,n-cniii].,ii:\  iiij^  cut  ■  I'lrtlf  e  •   fr'-in  a  stt■r<-•o^c()Ilil-  j)!iottii;r.-i]^!i  may  he 
•iMf  a-isiNtaticc  in  mnler^t.-itnliuir  tin-  ipjiaratiis. 
■  /•■.,/,,,..  .v./,/,,)..  \  ,  :>97. 
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,iii.:Mi    'ii<    ■  ■'   iiiitir-i    ...  iiiiilh    :iii.l  in  riiiiii.  cniiii   wui,        .- ; 
.irtiolc-  in   t!ii-   iiuinini        I'.iMt    1    iMiitani     n  -nil     >>i  ^\]^<■r\ 
iiuiit--  HMilc  in  nrilin  irv     hnlt^lit   1)\    lliric  ul  i-ir\ir-.   M'  --:-. 
Ciilrin.ii,      l''.irnll     ii;  1    Snnlli       Tlir     nnnil.n    in    ll.r    i^liinm 
iuinli.l       nl.iiinii    [>i    wliili'     iiiiluMli  -    lii'A     ni.nu     lini.-     .- 
Wri-Iit   Miln.ii  I',i,m1U\  -  \\\\\[r  u,i-  .1-  ilu   -i^'-   '"   ''Ink  i''!"!' 
n.inud   ui    l!ii     In-l    column       In    tin    -i-cnii'l   mlinnn.    Iica'ic'. 
\v    r,i-r.      .ill  tin-  nniiili>  r-  n  l\  1    lc<  hLuk   ,i-  niu-       'riu-\    in 
ilir.ilf  linw  iii,iii\  linu- :i- hii^lit  w.i- the -nv  nrwliiu  ii!'|1k- 
tinii    J-    111!     NKliuii  !;i,i(llt\    liln'k    whirl;    i-    l.ikrii    ,1-    ■.i:.;i\ 

T.iliK  II  I  uiii.i 111  th(  ri  -nit-  < if  I  xpt  riuK  111-  nun K'  in  .  ;  ■:  - 
!)\  M.,'.-r-  \  ;m  Wvck  .iirl  Arrlur,  .iiiil  in  >')'>:  \  l'\  >!  --i-- 
kii--    ,inil    i'ir:ili;nn 

In  .ill  tlic-r  i.-iilt--  i.f  '\'.i\']>    11   .iiiiliii.il  !i-;lit      \mi  i   '.u'lit 
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